that expression of glial fibrillary acidic protein-immunoreactivity (GFAP-IR) is largely confined to the dorsomedial region including the XII nucleus at the level caudal to the obex. Exposure of X-irradiation on day 16 of gestation led to similar expression of GFAP-IR in the nucleus at the same level. However, exposure on day 11 of gestation apparently led to strong expression of GFAP-IR in the XII nucleus at the level caudal to the obex and the expression was observed to extend rostrally.
The GFAP-IR cells showed hypertrophy of cell bodies and longer cytoplasmic processes. Horseradish peroxidase (HRP) injection into the tip of the tongue including the intrinsic muscles resulted in retrograde labeling in the ventromedial portion of the XII nucleus bilaterally from +0.30 to -1.25 mm. The present study would indicate that motoneurons of the XII nucleus supplying mainly the intrinsic and partly the extrinsic tongue muscles are more sensitive to X-ray exposure before the formation of the XII nucleus.
It has been well known that the developing central nervous system is highly sensitive to teratogenic insults of X-irradiation, noxious chemicals and mycotoxins throughout the embryonic and fetal periods6, 12, 19, 24) . In particular, prenatal Xirradiation provided tetragenic effects on the central nervous system4,7,10,11,13,23). X-irradiation at a dose of 1.0-2.0 Gy from day 13 (G13) through 18 of gestation (G18) in the rat showed severe consistent deficits in adult brain"'"). Although in these studies deranged cortical architecture, reduced cortical size and reduced neural and synapse number were observed, there were significant lacunae in our knowledge of definitive morphological changes of motor nuclei in the brainstem. On the other hand, recently GFAP immunohistochemical staining method has been commonly used to investigate the neural injury and degeneration16 '30) . In this investigation, astrocytes responded to injury were selectively expressed as GFAP-IR cells.
Therefore, the aim of the present study was to elucidate the biological effects of prenatal X-irradiation on motor nuclei, particularly on hypoglossal nucleus which is one of oro-facial motor nuclei, using the GFAP immunohistochemical method. Additional HRP study was done to investigate the functional significance of the XII area exhibiting the effects.
Materials and Methods
Pregnant Wistar rats supplied by SLC Japan (Hamamatsu, Japan) were used in the present study. The animals were exposed to a single whole body X-irradiation on Gil and G16 at a dose of 1.3 Gy. The physical factors of X-rays were 180 kV, 0.1 mm Cu + 0.5 mm Al added filtration, 575 mm target distance, and 0.25 Gy/min exposure rate. In order to achieve a homogeneous exposure, pregnant rats were put into a plastic cage, which was rotated on a turntable during X-irradiation. All pregnant rats, X-irradiated on G11 and G16 and no-irradiated, were housed in individual cages until delivery and allowed to give birth. The offspring were reared by their dams. At 7-14 days of age, animals were deeply anesthetized with sodium pentobarbital (40 mg/kg i.p.) and perfused intracardially with 0.02 M phosphate buffered saline (PBS, pH 7.4) followed by a fixative of 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4). The brainstem was removed from the skull and placed into 10-30% sucrose in 0.1 M PB at 4 °C for 1-2 days. Serial 25 gm-thick frozen sections were cut transversely on a microtome and stained with 1% cresyl violet. On the other hand, serial 40 pm-thick frozen sections were immunohistochemically processed for GFAP-IR. Free floating sections were firstly blocked in 10% normal goat serum (in 0.02 M PBS with 0.2% Triton X-100) for 30 min at room temperature, and then incubated overnight (at 4 °C) in polyclonal rabbit antiserum directed against GFAP (DAKO), diluted 1 :2000. The sections were incubated in biotinylated anti-rabbit IgG for 1 h at 35 °C, and processed using the avidinbiotin-complex method. Subsequently, all of sections were treated with 0.006% diaminobenzidine and 0.003% hydrogen peroxide in 0.02 M PBS for 3-5 min at room temperature. The body weight of animals was 6.41 + 0.43, 4.45 + 0.23 and 4.10 ± 0.28 g at birth in the control (n = 6), G16 (n = 6) and Gil (n = 16) case, respectively.
HRP experiment was performed on 3 intact adult rats weighing 280-330 g. In these animals, 2-3 point injections of 15-30 gl of 2% HRP (Toyobo, Grade I-C) dissolved in sterile 0.9% saline were made into the tip of the tongue using a 10-gl Hamilton microsyringe. After a survival time of 48-72 hours, the animals were anesthetized again and perfused through the ascending aorta with 0.1 M PB followed by a fixative containing 7% formalin in 0.1 M PB. The brainstem was removed and stored into 30% sucrose in 0.1 M PB overnight. Serial 50-gm thick sections were cut transversely on a freezing microtome. Sections were processed for the demonstration of HRP reaction product according to the tetramethyl benzidine protocol.
Results
In the control case the XII nucleus was located in the dorsomedial region of the medulla oblongata. Motoneurons were multipolar in shape and had a large nucleus with a centrally located nucleolus. GFAP-stained structures occurred in the medial subnucleus of the solitary nucleus, dorsal motor nucleus of the vagus nerve and surrounding areas. In addition, the circumventricular and midline regions were also packed with immunoreactive astrocytes. Configuration of these cells was small in size (2-5 JAM in diameter) and had short cytoplasmic processes (Fig. 3) . It was of interest that expression of GFAP-IR in the XII nucleus is largely confined to this nucleus at the level caudal to the obex in contrast to no expression at the level rostral to the obex (Figs. 1A, 2 and 3) .
In the case of animals receiving X-irradiation on G16, no remarkable change of degneration was found in XII motoneurons. Expression of GFAP-IR was apparently stronger than that in the control case. Although IR cells were frequently characterized by small sized astrocytes, some of these showed hypertrophy of cell body (9-12 gm in diameter) and longer cytoplasmic processes (Fig. 5) . The pattern of distribution of IR cells in the XII nucleus at the level caudal to the obex was essentially similar to that in the control case. However, with respect to the level rostra! to the obex, a few cells were present sparsely in the XII nucleus with some distribution around the border bgetween the XII nucleus and medullary reticular formation (Figs. 1B, 4 and 5) .
In the case of animals receiving X-irradiation on G11, Nissl staining revealed no remarkable feature of neural injury and degeneration such as chromatolysis and shrinkage throughout the XII nucleus (Figs. 8 and 9 ) as well as the control and G16 cases described above. The notable GFAP-stained structures occurred in the dorsomedial region of the medulla oblongata incliding the XII nucleus. The majority of these GFAP-IR cells were observed to increse the size of cell bodies (9-13 gm in diameter) and elongate cytoplasmic processes (Fig. 7) . It was of particular interest in this case that GFAP-IR cells are distributed to the XII nucleus at the level caudal to the obex and continue to the rostral level with the decrease of number. The IR cells had a tendency to present around the medial to dorsal margin of the XII nucleus at the level rostra! to the obex (Figs. 1C, 6 and 7) .
HRP injection into the tip of the tongue resulted in retrograde labeling in the XII nucleus bilaterally. HRP-labeled neurons were medium and large in size and showed typical multipolar shape. The labeling was observed to be exclusively confined to the ventromedial portion of the XII nucleus mainly at the level caudal to the obex and continue to the rostra! level with a gradual decrease of number (Figs. 10 and 11) .
Discussion
The present study demonstrated the effects of prenatal X-irradiation on XII nucleus in the rat. It was the most conspicuous feature that expression of GFAP-IR, indicating neural injury and degeneration, is stronger on G11 than that on G16 without any morphological changes of XII motoneurons stained with cresyl violet. This means higher sensitivity of XII nucleus on G11. As formation of XII nucleus is indicated to be made on G122), the present findings imply that prenatal X-irradiation provides severe effects on XII nucleus before forming of its nucleus. Furthermore, with respect to the dose of X-irradiation, it is reported that X-irradiation at a dose of 1.0-2.0 Gy from G13 through G18 in the rat induces severe consistent deficits in adult brain such as deranged cortical architecture, reduced cortical size and reduced neural and synapse number18,21). In contrast to these data of the deficits, the present study revealed less morphological changes of XII nucleus after X-irradiation at a dose of 1.3 Gy on G16. It should be considered that the damage from ionizing radiation to the developing brain is the result of cell death, particularly in the sensitive stages of mitotic cycle6'13).
It has been well known that reactive astrocytes increase in number around a wound after brain injury1,3,17,25),diseases815,26)'and chemical exposure9 '22) . GFAP is the major protein of the intermediate filaments of astrocytes and activity of GFAP messenger RNA is increased after neural injury5). However, there are a lot of studies demonstrating the increased amount of GFAP in reactive astrocytes in different types of lesion3 '14,20) . In the present study in animals receiving X-irradiation, particularly on G11, the number of GFAP-IR cells was observed to be increased in the XII nucleus not only at the level caudal to the obex but also more rostral level. On the other hand, injection of HRP into the tongue seems to be made into the intrinsic muscles including the superior longitudinal, vertical and transverse muscles with some diffusion of tracer enzyme into the genioglossus muscle. After this injection, retrograde labeling was frequently found in the XII at the level caudal to the obex. Although it has been generally accepted that motoneurons in the XII nucleus are arranged ventrodorsally or mediolaterally27-29), the present study indicated quitely different localization of GFAP-IR cells in the XII nucleus rostrocaudally. It is difficut to explain morphologically the reason why this different localization occurred in the XII nucleus . However, it would be indicated that 1. motoneurons of the XII nucleus supplying mainly the intrinsic and partly the extrinsic tongue muscles are more sensitive to X-ray exposure before the formation of the XII nucleus and 2. adaptive mechanisms are taking place to preserve integrated nervous system function and posibly to provide neuroprotection around those motoneurons.
Explanation of Figures
Plate I Fig. 1 . Distribution of GFAP-IR cells in the XII nucleus and surrounding structures. in the control (A), G16 (B) and Gil (C) animals. Note that strong expression of GFAP-IR in the XII nucleus is observed in G11 animals, particularly at the level rostral to the obex (levels 2 and 3 in C). Each black dot indicates about one GFAP-IR cell. The number shows distance (mm) from the level of the obex. Abbreviations: AP, area postrema; CC, central canal; DMV, dorsal motor nucleus of vagus nerve; IV, fourth ventricle; XII, hypoglossal necleus. 9 day-old rats.
Figs. 2-5. Photomicrographs of GFAP immunohistochemical staining in the XII nucleus at the level rostra! (levels 2-3 in Fig. 1 ) and caudal (levels 4-5 in Fig. 1 ) to the obex in the control (2 and 3) and G16 animals (4 and 5), respectively. Note that GFAP-IR cells in G16 animals are characterized by hypertrophy of astroglial cell bodies and long cytoplasmic processes (arrowheads in Figs. 6-9. Photomicrographs of GFAP immunohistochemical staining in the XII nucleus at the level rostral (6) and caudal to the obex (7), and Nissl staining of the XII nucleus at the level just rostral to the obex (8 and 9) in Gil animals. Note that Nissl staining reveals no remarkable morphological changes of motoneurons inspite of strong expression of GFAP-IR cells in the XII nucleus. Motoneurons of XII nucleus in Fig. 8 is shown by high magnification in Fig. 9 . GFAP-IR cells are frequently present around the border dorsal to the XII nucleus (asterisk) and characterrized by hypertrophy of cell bodies and long processes (arrowheads) as shown in G16 animals. Calibration bars = 100 p.m in Figs. 6-9.
Figs. 10 and 11. Photomicrographs of HRP-labeled motoneurons of XII nucleus in adult animals at the level rostral (10) and caudal to the obex (11) receiving a large mount injcetion of HRP into the tongue. Note that the bilateral labeling frequently occurs in the XII nucleus at the levels caudal to the obex and is mainly located in the ventromedial portion of the nucleus which supplies intrinsic tongue muscles. Calibration bars = 100 um in Figs. 10 and 11.
